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Background 
• Tu’s 19941 theory suggested that a thicker oxide on tin 
would help prevent whisker growth 
• Su et al 20142 later showed that 
whiskers would preferentially 
grow from pre-defined ‘weak 
points’ in the oxide film 
• Our previous work3 showed that 
an electrochemical formed 
     oxide would significantly reduce whisker growth 
1 K.-N. Tu, Phys. Rev., vol. 49, no. 3, pp. 2030–2034, 1994  
2 C.-H. Su, H. Chen, H.-Y. Lee, C. Y. Liu, C.-S. Ku, and A. T. Wu, J. Electron. Mat., vol. 43, no. 9, pp. 3290–3295, 2014  
3 D. M. Haspel, M. A. Ashworth, L. Wu, G. D. Wilcox, and R. J. Mortimer, Trans. IMF, vol. 93, no. 6, pp. 332–341, 2015  
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Aims and Objectives 
• Further reduce whisker growth by increasing the 
thickness of the oxide film 
• Use conversion coatings to produce a thicker 
oxide coating 
• Characterise conversion coatings using x-ray 
photoelectron spectroscopy (XPS), scanning 
electron microscopy (SEM) and optical 
microscopy 
• Evaluate the whisker resistance of the 
conversion coatings 
Experimental 
• Electroplated Sn-Cu alloy on copper coupons 
• Electrochemical oxidation  
– Potassium bicarbonate-potassium carbonate bath  
– 2 V vs. Ag/AgCl  
– Total charge passed of 60 mC cm-2 
 • Tungstate conversion coatings1 
– Reverse current pulse, ranging between ±2.5 mA cm-2 and ±10 mA cm-2 
– Square wave cycles ranging between 30 – 300 cycles 
– 0.5 Hz 
• Molybdate conversion coatings 
– pH 3.13 
– 5 min immersion along with potentiostatic driven with potentials ranging 
between -0.45 to -0.75 V vs. Ag/AgCl 
– Reverse current pulse using similar parameters as tungstate conversion 
coatings 
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1 R.E. Van De Lesst & G. Krijl, Thin Solid Films, vol. 72, pp. 237-246, 
1980 
Whisker Growth Studies 
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Oxide Thickness Studies 
Electrochemical oxide 
(2 V vs. Ag/AgCl) 
Similar oxide thickness 
Tungstate Conversion Coatings 
30 cycles 90 cycles 45 cycles 
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60 cycles 90 cycles 
Equivalent Charge 
180 cycles 
Increasing cycles 
Improved surface finish 
for equivalent charge 
passed 
Decreased 
current 
density 
Tungstate XPS Analysis 
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Tungstate XPS Summary 
Experiment Current Density Number of Square Waves 
Sputter Time to 50% 
Oxygen Content 
2 V vs. Ag/AgCl 
Electrochemical oxide - - 27 
Comparison of 
Current Density 
±2.5 mA cm-2 30 130 
±5 mA cm-2 30 280 
±10 mA cm-2 30 550 
Comparison of 
Number of Cycles 
±5 mA cm-2 30 275 
±5 mA cm-2 90 680 
±5 mA cm-2 150 1060 
Comparison of 
Equivalent Charge 
Passed 
±2.5 mA cm-2 300 1085 
±5 mA cm-2 150 1085 
±10 mA cm-2 75 1410 
Increased thickness for 
increased current density 
Increased thickness for 
increased number of cycles 
Constant thickness for 
equivalent charge 
Thicker oxide for equivalent 
charge passed 
XPS Analysis of Tungstate Whisker Growth Samples 
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Tungstate Whisker Growth Studies 
Similar whisker growth reduction for 
equivalent charge passed 
Further reduction in 
whisker growth 
Order of magnitude higher 
than tungstate conversion 
coated samples 
*Estimated from previous results 
Samples stored at room temperature  
Whisker growth evaluated after ~9 weeks 
Characterisation of Tungstate Whisker Growth 
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Molybdate Conversion Coatings 
-0.6 V vs. Ag/AgCl for 5 min 
@ pH 3.13 
Oxygen 
Molybdenum 
Tin (metal) 
Tin (oxide) 
1 KeV ion beam energy 
High current 
0.28 nm s-1 tantalum oxide etch rate 
Tin oxide enrichment behind the 
molybdate coating 
Molybdate XPS Summary 
Coating 
pH 3.13 
Sputter time to 50% 
oxygen content 
Molybdenum content 
at plateau region 
5 min immersion 195 ~37 at.% 
±5 mA cm-2, 0.5 Hz, 
30 cycles 340 ~36.5 at.% 
±2.5 mA cm-2, 0.5 Hz, 
30 cycles 215 ~36 at.% 
±2.5 mA cm-2, 0.5 Hz, 
120 cycles 440 ~37 at.% 
-0.45 V 5min 275 ~37 at.% 
-0.6 V 5min 1085 ~40 at.% 
-0.75 V 5min 3095 ~40-48 at.% 
NB. Tin content for the Mo plateau region is below ~1 at.% 
Similar Mo 
content 
Mo content increases 
with depth 
Similar thickness to 
si ple immersion 
Increased thickness for 
increased cathodic 
potential 
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Molybdate Whisker Growth Studies 
Increased whisker growth 
due to high crack density 
Comparable whisker reduction 
ratio to tungstates? 
Samples stored at room temperature  
Whisker growth evaluated after ~7 weeks 
*Estimated from previous results 
Comparable to -0.6 V 
Characterisation of Molybdate Whisker Growth 
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immersion 
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Comparison of Molybdate with Other Coatings 
5 min immersion  
molybdate 
±5 mA  cm-2 150 cycles  
Tungstate 
-0.6 V 5 min molybdate 
93% 
reduction 
88% 
reduction 
98% 
reduction 
2 V oxide 
80-90% 
reduction 
Conclusions 
• An electrochemical oxidation treatment is able to provide 
continuous tin whisker mitigation  
• Conversion coating treatments can be used to develop 
oxides that are significantly thicker than those achieved 
by electrochemical oxidation 
• Both conversion coating treatments show enhanced 
whisker mitigation compared with an electrochemical 
oxidation treatment 
• For the tungstate conversion coated samples most 
whiskers were observed to grow from ‘weak points’ 
• For the molybdate conversion coated samples with a 
high density of cracking, all the whiskers grew from the 
cracks 
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